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ABSTRACT 
  
Pholiota nameko (T.Ito) S.Ito) is white rot wood inhabiting ligninolytic mushroom 
species belonging to the genus Pholiota, widely distributed throughout Far East 
used as food and for medicinal purpose. The aim of this research was to 
investigate the yield and the biological efficiency of P. nameko grown on different 
agro industrial wastes in Ethiopia. For the cultivation of P. nameko, 6 kinds of 
substrates, namely eucalyptuse shaving (ES), cordial shaving (CAS), coffee husk 
(CH), Pinus shaving (PS), cotton seed (CS) and teff straw (TS) were used as the 
main material or substrates. Wheat bran (WB) was used as an additive material 
100:10 and 100:30 w: w of the main material. Moisture content of the substrate 
was maintained to 50-65%. Only three substrates, eucalyptuse shaving (ES), 
cotton seed and cordia shaving (CAS) show remarkable production of fruiting 
body. The highest mean yield and biological efficiency were 797.33 g, 53.27% 
respectively on eucalyptuse shaving supplemented with 30% wheat bran. The 
higher harvest 732.33g, 48.98% mean yield and biological efficiency respectively 
was obtained from cotton seed supplemented with 30% wheat bran. While the 
lowest mean yield and biological efficiency were obtained from Cordia Africana 
shaving supplemented with 10% wheat bran 550.8g, 36.80% respectively. There 
was no statistical difference observed between substrates supplemented with 10 
and 30% wheat bran on yield and the biological efficiency. But substrate 
supplemented with 30% wheat bran showed a little better quality of fruiting body 
and cropping time than substrate supplemented with 10% wheat bran. In general, 
the yield of P. nameko mushroom harvested was significantly (P<0.05) greater in 
eucalyptuses shaving than C. africana shaving. The use of eucalyptus shaving as 
raw material was found better for the production of P. nameko in this study; in 
fact, it is an abundant and chip lignin rich material in Ethiopia. 
 
Key words: Bio conversion efficiency, basdiomycetes, contamination, Lentinus 
edodes, lignocelluloses, mushrooms, media, mycelium, Pholiota nameko, substrate, 
shiitake, spawn. 

 
 
INTRODUCTION  
 
There are over 1,500,000 species of fungi on earth 
(Halpern, 2007). Among this, the number of mushroom 
species is estimated at 140,000 (Wasser, 2002). For 
millennia, mushrooms have been valued by humankind as 
an edible and medicinal resource (Wasser, 2002). 

Nutritionally, mushrooms have high contents of 
qualitatively good protein, crude fiber, minerals, vitamins, 
abundance of essential amino acids, mono and 
disaccharides, alcohols, glycogen and chitin but are poor 
sources of lipids (Park and Kwang, 2001). Apart from their  
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nutritional potentials, they are important medicinally for 
cholesterol reduction, immune enhancement, cancer 
fighting, anti-allergic activities, antimicrobial and 
cardiovascular treatment. Due to its nutritional, medicinal 
and ecological advantages, mushroom attracted the 
attention of many people in the world. Cultivation of edible 
mushrooms may be the only currently economical 
biotechnology for lignocelluloses organic waste recycling 
that combines the production of protein rich food with the 
reduction of environmental pollution (Beteez and Kustudia, 
2004). Currently about 35 mushroom species have been 
cultivated commercially, and of these around 20 are 
cultivated on an industrial scale. The mushroom cultivated 
most worldwide is Agaricus bisporus (button mushroom), 
followed by Lentinus edodes (Shiitake), Pleurotus ostreatuse 
(Oyster), Auricula auricular, Flammulina velutipes (Winter 
mushroom) and Volveriella volvovacea (straw mushroom), 
Grifola frondosa, and Pholiota nameko (Chang, 1999). 
Mushroom cultivation and consumption culture is more 
developed in China, Japan, Korea, Thailand, America 
(Feeney and Beelman, 2004), but, least known in Africa, 
however country like Nigeria, Egypt, Kenya, Zimbabwe, and 
South Africa, relatively made good trial. In Ethiopia it is a 
very recent activity, almost no mushroom consumption and 
cultivation techniques are known except few trials in small 
scale on A. bisporus, L. edodes, P. ostreatus with few people 
under known substrate formula (Dawit, 1998). It has been 
observed that over 70% of agricultural wastes and forest 
products have not been put to total productivity, and have 
been wasted in processing. Mushrooms not only can 
convert these huge lignocelluloses biomass wastes into 
human food, but can also produce notable immune 
enhanced products, which have many health benefits 
(Chang et al., 1993). An ever increasing human population 
and diminishing farm sizes have resulted in declining soil 
fertility associated land productivity and increasing poverty 
levels (Sanchez, 2009). In Ethiopia, ligno cellulose waste 
residues are mostly used in the domestic sector for cooking 
and baking, using very low efficiency devices. But it is 
possible to convert for highly nutritious and medicinal 
aspects of mushroom through cultivation of P. nameko. 

The present study is aimed at the domestication of P. 
nameko in Ethiopia on different substrates obtained from 
agricultural, industrial and forest waste. P. nameko is a 
medium size mushroom produce cluster of fruit body with 
small glossy cap that develops an orangish slimy layer on 
the cape resembling jelly which is peel able. This slimy 
layer disappear once cooked (Vostrovsky and Jablonska, 
2007). It is one of the most popular cultivated mushrooms 
in Japan and China closely ranking behind L. edodes and F. 
velutipes. This mushroom has an excellent flavor, texture, 
very delicious and best tasting mushrooms in the world 
(Arita, 1978). 

The cultivation history of P. nameko is similar to that of 
many other woods rooting edible mushrooms. In 1921 in 
Japan, fresh cut wood logs were used, for growing of P. nam 

 
 
 
eko, Most fungi cannot use freshly cut wood as effectively as 
wood has been cut, but P. nameko can utilize wood 
containing live cells, then, saw dust spawn was first used in 
1931 and1960 saw dust pluses wheat bran and rice bran 
were used for commercial cultivation of P. nameko 
(Neidleman, 2004). 

P. nameko is a low temperature mushroom and can grow 
especially on temperate deciduous plants like, Fagus 
crenata, Fagus japonica, Querccus mangnolca. This research 
is mainly conducted, to compare the yield and biological 
efficiencies of P. nameko mushroom on different substrate 
obtained from forest and agro industrial lignocelluloses 
wastes in Ethiopia, and to promote the species for small 
scale as well as large scale cultivation. 
 
 
MATERIALS AND METHODS 
 
Organism and culture conditions 
 
Fungal strain; P. nameko was obtained from Mycology 
Laboratory, Department of Biology in Addis Ababa 
University. The pure culture of P. nameko was transferred 
to three types of nutrient media, these are, potato dextrose 
agar (PDA), malt extract agar (MEA), and Sabouraud 
dextrose yeast agar (SDYA). Potato dextrose agar 
supplemented with 100 g fresh potato/250 ml, 10 g 
glucose/250 ml, 10 g agar/250 ml, 0.05 
chloramphenicol/250 ml. Malt extract agar (MEA), having 8 
g/400 ml, 2 g peptone/400 ml, 8 g agar/400 ml, 0.025 g 
chloramphenicol/250 ml, and 20 g SDYA/400 ml, 20 plates 
were prepared for each, a total of 60 culture plate are kept 
in incubator at 25°C. Mycelia growth in terms of diameter 
on culture plate were measured using ruler and 
contamination and were recorded at 3 day intervals. 
 
 
Grain spawn production 
 
In these study, 6 kinds of grain were used, barely, wheat, 
rice, shredded maize, sorghum and finger millet. Sorghum 
was selected best for mother spawn and later propagation 
depends on its mycelia invasion. About 20 kg of sorghum 
was washed and dead floating removed then soaked 
overnight in 15 L water and rinsed three times in distilled 
water. The excess water was drained off and 20% wheat 
bran, 12% gypsum (CaSO4. 2H20), and 3% limes (CaCO3) 
were added. The ingredients were thoroughly mixed; 
moisture was maintained at the level of 55%, and 
distributed equally in to 500 ml glass bottle at the rate 
370.66 g seed per jar for a total of 128 bottles and were 
autoclaved at 121°C for 1 h. After cooling, each bottle was 
inoculated with 16 agar blocks (1 × 1 cm) of 18 days old 
agar culture and incubated for 30 days at 25°C until the 
substrate was fully colonized; at ten days interval, mycelia 
invasion and contamination were recorded. 
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Figure 1. Important substrate during Pholiota nameko production. A=Eucalyptuse shaving, B=Cordia 
africana shaving, C=Coffee husk, D=Teff straw, E=Pinus, shaving, F= cotton seed. 

 
 
 

 

 
  

 
Figure 2. Substrate in plastic bags ready for sterilization ready and inoculation. 

 
 
Substrate preparation and formulation 
 
Collection of substrates 
 
To study the influence of different substrates for the growth 
and yield of P. nameko mushroom, 6 substrates, namely, 
Pinus shaving, eucalyptus shaving, cordia shaving, teff 
straw, coffee husk, cotton seed and the additive material, 
wheat bran were collected from local market and saw mill 
in Addis Ababa.  All these industrial and agricultural wastes 

were cheap and locally available substrates stored 
abundantly without any significant use. 
 
 
Substrates formulation, inoculation, bag cultivation 
and fruiting management 
 
Two types of substrate formulation were done, at first; 
3200 g from 6 types of substrates (80%) for each were 
soaked in water for 24 h to moisten them thoroughly and  
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were stalked on the steep cemented floor so as to remove 
the excessive moisture from the substrates to get 55-65% 
moisture level. About 400 g wheat bran (10%), 200 g CaCO3 
(5%), 200g CaSO4. 2H20 (5%) were mixed thoroughly by 
hand. Secondly, 2400 g substrates from each type of 
substrates (60%), 1200 g wheat bran (30%), 300 g CaCO3 
(5%), and 300 g CaSO4. 2H20 (5%) were done in the same 
procedure. A total of 36 polyethylene bags of 5 kg sizes 
were used for substrate medium. A 2993.3 g prepared 
substrate was filled into each plastic bag, tighten with a 
plastic band, and the bags were put flat wise in the 
autoclave for sterilization (1 h). The bags were autoclaved 
at 121°C at high pressure. After sterilization, the substrate 
bags were cooled to less than 25°C, and moved into the 
inoculation hood. The bag opened and 8-10 holes for 2-3 kg 
substrate were made. Then, the spawn transferred into the 
holes, 2 pieces of spawn of horse bean size for one hole, and 
scattered a layer of spawn on the substrate surface. The 
substrate bags were kept in clean growing room under 
room temperature of about 25°C. Natural ventilation was 
done to avoid too high temperature by opening the door 
within 3 days intervals. The mycelia continue growing, 
absorbing and accumulating nutrition. Until the coat of rust 
color forms on the surface of mycelia clump, and the spawn 
running finish. The length or extension of mycelium run in 
each calibrated substrate bags within 15 days interval were 
measured using ruler, and contamination were recorded. 
The plastic bag was removed when the mycelia was 
matured, when the coat was too thick to be helpful for fruit 
body to come out, the coat was cut with a bamboo knife 
vertically and horizontally in breath of 2 cm and deep of 1 
cm. The mycelia clump was put into the bed flatly or 
upright, then water was sprinkled and kept under room 
temperature of about 25°C to promote the formation of the 
fruit body, and the fresh fruit body was picked as well as 
weighed.  
 
 
Mushroom yield (bioconversion efficiency) 
 
With proper management, 2-3 flushes mushroom were 
harvested and the biological efficiency was measured. 
Biological efficiency (BE) is defined as the ratio of weight of 
fresh fruiting bodies to the weight of substrate multiplied 
by 100 (Fan et al., 2004). Yield performance and biological 
efficiency of P. nameko on the 6 kinds of substrates were 
calculated for two flushes. 
 
 Biological Efficiency = Weight of fresh fruiting bodies × 100 
                                               Dry weight of substrate 
 
 
Isolation of other fungal contaminant during Nameko 
cultivation 
 
Fungal contaminants were recorded depending on their 

 
 
 
morphological characters and biology identification system 
during the 3 phase of Nameko cultivation, i.e. culture 
production, spawn, and bag cultivation. 
 
 
Method of data analysis 
 
The data on mycelia growth rate on 3 types of nutrient 
media with 5 replicates for each, degree of mycelium 
running on each substrates type, yield and biological 
efficiency of P. nameko on 6 kinds of substrates and fungal 
contamination were determined. Analysis was performed 
for 6 kinds of substrate with 3 replicates for each. The data 
were analyzed by comparing the mean weights, and 
percentage biological efficiency through two way ANOVA. 
The data groups were analyzed using Statistical Package for 
Social Sciences (SPSS) for windows 15.0. Treatment mean 
were compared using Turkey’s t- test. 
 
 
RESULTS 
 
Culture production and mycelia growth rate on 
different nutrient media 
 
During the present investigation, 3 types of nutrient media 
i.e., malt extract agar medium (MEA),   Sabouraud dextrose 
yeast agar (SDYA), potato dextrose agar (PDA) were used 
for tissue culturing of P. nameko mushroom.  The result 
revealed that the length of mycelia growth in diameter of 
culture plate was high on MEA media when compared to 
PDA and SDYA within 3 day interval measures for 18 days. 
Full mycelium growth of P. nameko took 18 days on MEA, 
23 on PDA, 28 on SDYA respectively (Figure 3). AS shown in 
Figure 4, 30% mycelia growth was seen on MEA whereas 
18.2 and 13.11% on SDYA and PDA respectively at the third 
day. Great difference in mycelia growth was recorded on 
the 12th day between MEA and PDA. After the 15th day, 
mycelia growth became rapid on PDA and it is almost 
parallel with SDYA. At the end of the 18th day, 97.33% 
mycelia growth was seen on MEA, 84.22% on SDYA and 
78.66% growth on PDA.  
 
 
Spawn production 
 
Barely, wheat, rice, shredded maize, sorghum and finger 
millet are important cereals for spawn production of 
different mushroom species and were tested for P.nameko. 
However, a better mycelia invasion is seen on sorghum and 
wheat. Comparatively, sorghum support good mycelia 
invasion and selected as the best mother spawn production. 
But the rest four namely shredded maize, rice, barely and 
finger millet did not show any mycelia growth of P. nameko. 
Generally, sorghum based spawn took 1 month to colonize 
the substrate completely. The moisture content of the 
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Figure 3. The mycelia growth rate of Pholiota namekoon MEA, SDYA, and PDA respectively within 18. 

 
 
 

 
 

Figure 4. Mycelia growth of Pholiota nameko in terms of increase in diameter on 
different nutrient media.Malt extract agar medium (MEA), Potato dextrose agar 
medium (PDA), Sabouraud dextrose yeast agar medium (SDYA). 

 
 
sterile moist sorghum (55-60%) was found to be suitable. 
 
 
Degree of mycelium running rate in length on different 
substrate bags 
 
The bags were placed on wooden shelves after inoculation; 
until it is fully colonized by Nameko mycelia. The window, 
door and the wall frame were covered with wire gauze to 
bar insects and rodents; mycelium running rate in substrate 
bag varied on different substrate types used. Mycelium 
running is an extension and colonization of fungal hypha 
throughout the substrate. The mycelia growth rate in length 
in a calibrated substrate bags were measured at 15 days 
intervals using ruler. The highest running rate in length was 
observed in eucalyptus shaving (24.6 cm/60 days), cordias 
having (21.3 cm/60days), teff straw (19.6 cm/60days), 
cotton seed (18 cm/60days) and coffee husks (15.4 cm/60 
days). The lowest running rate in length of mycelium was 
observed in pinus shaving (13.37 cm/60days) However, 
total days required completing mycelium running relatively 
in eucalyptus shaving, cordia shaving, teff straw, cotton 

seeds, coffee halls and pinus shaving, 60, 63, 70, 65, 75, 80 
days took respectively. 
 
 
Harvesting yield and bio conversion efficiency of P. 
nameko on different substrate 
 
Fruiting bodies of P. nameko were harvested as soon as the 
caps have reached 5 to 7 cm in diameter for up to 2 flushes. 
It took two cropping cycle in 30 days, 10-14 days apart. The 
whole period took 90 days. Six substrates were tested for 
the cultivation of P.nameko, namely pinus shaving, 
eucalyptus shaving, cordia shaving, teff straw, coffee husk 
and cotton seed supplemented with 10 and 30% wheat 
bran for each (Figure 5 or 6). Three of them, the pinus 
shaving, teff straw, coffee husk did not show any growth of 
fruiting body; however, they had mycelia invasion during 
spawn running. Eucalyptus shaving, cordia shaving and 
cotton seed show remarkable production of P. nameko 
(Figure 6). The result revealed that eucalyptus shaving gave 
the highest mean yield and biological efficiency of 797.33 g 
and 53.27%, respectively. The harvesting yield and bio  
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Figure 5. Mycellium running on wheat(A) and sorghum(B) within 1 month. 

 
 
 

 
 

Figure 6. Pholiota nameko grown on eucalyptus shaving (A), cotton seed (B) and Cordiaafricana (wanza) shaving (C). 

 
 
conversion efficiency of P. nameko grown on eucalyptus 
shaving, cordia shaving and cotton seed supplemented with 
10 and 30% wheat bran did not show significant difference 
in this study (Tables 2 and 3). However quality and 
cropping time were better in the substrate supplemented 
with 30% wheat bran (Figure 6). But a significance 
difference on mean yield is seen between eucalyptus 
shaving and cordia shaving (Table 2) 
 
 
Contamination 
 
The mushroom, like any other cultivated crop, is subject to 
attack by pathogens and pests. The mushroom diseases can 
be caused by both fungi and bacteria. In the present 
investigation, the incidence of pests and diseases were high, 
pests like rats and insects were troublesome at each stage 
of P. nameko production, however, the growing house wall 
were covered with wire gauze to bar rodents and 
formaldehyde was sprayed to stop insect invasion. Through 
their morphology and spore study under the microscope 
and biolog Microstation identification system indicate that 
the culture plate, spawn bottle and substrate bag were 
repeatedly spoiled by other fungal contaminants. Culture 
plate dominantly contaminated by Scopulariopsis fimicola 

(white plaster mold), Chaetomium olivaceum, Aspergillus 
niger and Pencillium notatum. Most of the time, Aspergillus 
flavus, A. niger and Trichoderma species contaminated 
spawn bottle and substrate bags in this study  
 
 
DISCUSSION 
 
So far about 35 species from 140,000 naturally occurring 
mushrooms species are under artificial cultivation. 
However, the world production is still dominated by the 
white button mushroom, due to its rapid mycelia invasion, 
short fruiting time, vast substrate choice and good taste. 
Hence exploitation of the new cultivable edible species is 
becoming more important. In this research, one type of 
mushroom species which is P. nameko, was cultivated on 
agro industrial waste in Ethiopia environmental condition. 
P. nameko is white rot wood inhabiting ligninolytic specie 
belonging to the genus Pholiota, widely distributed in the 
Far East (Pegler, 2003). The only organisms reported to 
degrade lignin efficiently are the white-rot fungi under 
natural conditions, mostly colonize dead or living wood. 
White-rot fungi attack the lignin component of wood and 
leave the cellulose and hemicelluloses less affected; they 
are also called selective degrader (Eriksson et al., 1990).  
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Table 1. Degree of mycelium running rate in length on different substrates. 
 

Days 
Mycelia growth 

rate in length on 
ES (cm) 

Mycelia growth 
rate in length on 

TS (cm) 

Mycelia growth rate in 
length on CS 

(cm) 

Mycelia growth 
rate in length 

on CH (cm) 

Mycelia 
growth rate in 

length on PS 
(cm) 

Mycelia 
growth rate 
in length on 

CAS (cm) 

15day 5.73±0.12Aa 3.70±0.25Ab 2.90±0.06Ac 2.43±0.09Ad 2.53±0.09Ae 5.20±0.06Af 
30day 12.67±0.24Ba 8.97±0.09Bb 8.80±0.06Bc 7.27±0.12Bd 6.37±0.23Be 10.07±0.37Bf 
45day 18.20±0.35Ca 17.30±0.25Cb 15.87±0.47Cc 13.17±0.13Cd 11.23±0.12Ce 15.60±0.36Cf 
60day 24.60±0.31Dae* 19.57±0.35Db 17.60±0.31Dc 15.30±0.17Dd 13.73±0.12De 21.27±0.37Df 

 

*=Significant at p<0.05. Means followed by the same letter/s within a row (uppercase) on the same day and column (lower case) on different day are not 
significantly different (p<0.05), Tukey’s Studentized Range Test 
 
 

Table 2. Harvesting yield and bio conversion efficiency on different substrate 
supplemented with 10% Wheat bran. 

 

Substrate Mean Yield(g) Biological efficiency (%) 

ES 761.5*b 50.88 

CS 660.6ab 44.14 

CAS 550.8a 36.80 
 

*=Significant at p<0.05. Note; Mean in column followed by the same superscripts are not 
statistically different at P<0.05 according to Turkeys test. 

 
 

Table 3. Harvesting yield and bio conversion efficiency on different substrate supplemented 
with 30% Wheat bran. 

 

Substrate Mean yield(g) Biological efficiency (%) 

ES 797.33*b 53.27 

CS 732.33ab 48.98 

CAS 629.17a 42.04 
 

*=Significant at p<0.05. Mean in column followed by the same superscripts are not statistically 
different at P<0.05 according to Turkeys test.ES=Eucalyptuseshaving ,CS=Cotton seed, CAS= Cordia 
africana shaving 

 
 
Lignocelluloses wastes represent huge amounts of 
unutilized renewable resource (Hader et al., 1992). The 
large amount of lignocelluloses wastes are generated 
through forestry and agricultural practice, paper-pulp 
industries, timber industries and many agro–industries and 
they pose an environmental pollution problem (Howard et 
al., 2003). The cultivation of edible mushroom is a prime 
factor for the conversion of this low value inedible wastes 
into a higher value commodity which can serve as food 
material for humans and as a source commercially 
important metabolites (Chang et al., 1993). Also, their spent 
can be used as cattle feed, fertilizer or landfill (Cohen et al., 
2002). Therefore cultivation of mushroom on agro 
industrial lignocelluloses waste provides multi-disciplinary 
advantages for human being, animals as well as for the 
ecosystem. In Ethiopia, there is big waste from saw mill and 
agro industrial activities. There are approximately 39 saw 
mills and a total of 5-10 factories involved in the production 
of wood.  Sawmill residue is estimated to total of about 
25,000 tons per year (Yisehak et al., 2009). Agricultural and 

agro-industrial residues used in the domestic sector for 
cooking and baking, using very low efficiency devices 
constitute 15% of the total energy consumed in Ethiopia. 
But the rest 85% of the residues mostly tends to be 
disposed of wastefully (Yisehak et al., 2009). That can be 
easily diverted to produce the mushroom which can 
compensate for a big problem of nutrient deficiency in 
Ethiopia.  The first stage in any mushroom cultivation 
process is to obtain a pure mycelia culture of the specific 
mushroom strain. Mushrooms grow on a variety of culture 
media and on different agar formulas, both natural and 
synthetic, depending on the organism to be cultivated and 
the purpose of the cultivation (Chang et al., 1993). In this 
study 3 types of nutrient media were tested for tissue 
culturing of P. nameko. The result revealed that P. nameko 
culture showed dense and good mycelia growth on malt 
extract agar (MEA) than potato dextrose agar (PDA) and 
Sabouraud dextrose yeast agar (SDYA) in terms of mycelia 
growth in length across the diameter of the culture plate 
(Figure 3). As shown in Figure 4, 30% mycelia growth was  
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seen on MEA, whereas 18.2 and 13.11% on SDYA and PDA 
respectively on the third day. Great difference in mycelia 
growth was recorded on the 12th day between MEA and 
PDA. After the 15th day, mycelia growth became rapid on 
PDA and it is almost parallel with SDYA. At the end of the 
18thday, 97.33% mycelia growth was seen on MEA, 84.22% 
on SDYA and 78.66% growth on PDA. These results may be 
explained by the fact that the malt extract agar medium 
used was a good source of organic nitrogen. It has been 
suggested that malt extract agar (MEA) support good 
mycelia growth of P. nameko than, potato dextrose yeast 
agar (PDYA), and dog food agar (DFA) (Stamatas, 2000). 
Chang (2006) found that P. nameko grew well in malt 
extract yeast agar and malt extract yeast peptone agar than 
potato-composite medium and poorly in potato dextrose 
agar. The second stage in any mushroom cultivation 
process is spawn production. The mushroom “seed” 
(propagation material) is generally referred to as spawn. A 
number of materials, mostly agricultural wastes, can be 
used to prepare mushroom spawn. Some of these wastes 
are chopped rice straw, saw dust, water hyacinth leaves, 
used tea leaves, cotton wastes and lotus seed husks (Chang 
and Mshignei, 2000). Modern methods of spawn 
preparation use cereal grains (wheat, sorghum, maize, 
millet, rye), which are sterilized in glass jars, inoculated 
with a selected strain and incubated at appropriate 
temperatures for complete colonization (Carrera, 1989). In 
the present study, 6 kinds of grain were tested for spawn 
production of P. nameko, and sorghum was selected best for 
mother spawn propagation. There is dense whitish mycelia 
growth on the entire surface sorghum grain (Figure 5). 
Sorghum grain provide good food base for the fungal 
species to grow throughout the substrate and it is also 
described that sorghum is a better available and cheaper 
than other substrates like maize in some areas in Africa 
including Ethiopia (Dawit, 1998). Wheat next to sorghum 
also support good mycelia invasion for P. nameko in this 
study. Jiskani et al. (2000) have reported that sorghum 
grains were found to be best medium for spawn growth 
followed by wheat, maize, and pearl millet grain 
respectively. Hafeez et al. (2000) have also reported that 
spawn production on sorghum grains was significantly 
higher than pearl millet, maize and wheat grains. Therefore, 
sorghum grain showed a better product of spawn due to the 
fact that it is full of nutrient that able to support the mycelia 
of P. nameko mushroom. Immediately following inoculation 
by the mature spawn, whitish nameko mycelia begin to 
grow on the substrate, until colonization is completed. This 
is an active assimilation phase with high fungal metabolic 
rate. Enzymes are activated to break down complex 
substrate components (cellulose, hemicelluloses and lignin) 
into simpler molecules which can be absorbed by mycelia 
as nutrients for growth and propagation. Mycelium running 
rate of each type of substrates was observed after 10 days 
of inoculation in most mushrooms (Chen, 2001). In the 
present study, the lengths of spawn run in the substrate  

 
 
 
bags were measured at 15 days intervals. The highest 
running rate in length was observed in eucalyptus shaving 
(24.6 cm/60days), cordia shaving (21.3 cm/60days), teff 
straw (19.6 cm /60days), cotton seed (18 cm/60days) and 
coffee husks (15.4 cm/60 days). The lowest running rate in 
length of mycelium was observed in pinus shaving (13.37 
cm/60days). There is significant difference in mycelia 
running rate in length between eucalyptus shaving and 
pinus shaving (Table. 2). However total days required to 
complete the mycelium running relatively in eucalyptus 
shaving ,cordia shaving, teff straw, cotton seeds, coffee halls 
and pinus shaving were 60, 63, 70, 65, 75, 80 days 
respectively. According to Chen (2001), the spawn run on 
the eucalyptus substrate could be observed after 12 days of 
incubation in the growing room, with the formation of 
white tawny around the spawn, indicating the beginning of 
degradation of the substrate by the fungus. The natural 
induction of primordial on the substrates occurred after 60 
days. In this study, significant difference is seen between 
eucalyptus and pinus shaving that the amount of lignin is 
higher in eucalyptus than in pinus shaving. Evtuguin et al. 
(2001) have suggested that eucalyptus lignin content 
reached 82-86%. Robert (1986) also reported that the 
pinus plant consists of 26% lignin. The last stage in 
mushroom cultivation is fruiting body production. Edible 
mushrooms can be commercially cultivated on a variety of 
hard wood substrates, depending on the characteristics of 
the mushroom (Chang, 2003). The cultivation of P. nameko 
on different hard wood chips showed a remarkable yield & 
bio-conversion efficiency. Fruiting on the first flush give an 
average of slightly more than 1.2 kg from 5 kg of hard saw 
dust supplemented from rice bran (Stamets, 2005). 
According to Chang and Hayes (1978), with proper 
management, 3-4 flushes of P. nameko mushroom can be 
harvested and the biological efficiency can reach 60-70% 
on hard wood substrates. Paddy straw and sawdust from 
oil free plants were tried and saw-dust amended with rice 
bran and calcium carbonate was found to be the best 
substrate for the domestication of P. nameko, 611 g of fresh 
sporophores were harvested from 1 kg of dry saw dust of 
Populus tree (Krishna and Sharma, 1989). In the present 
study, the cultivation of P. nameko on 6 substrates namely 
pinus shaving, eucalyptus shaving, cordia shaving, teff 
straw, coffee husk, cotton seed, supplemented with 10 and 
30% wheat bran were investigated. The result revealed that 
only 3 substrates show production of P. nameko, these are 
eucalyptus shaving, cotton seed and cordia shaving (Figure 
6). Substrate supplemented with 30% wheat bran showed a 
little better yield in the quality and cropping time than 
substrate supplemented with 10% wheat bran (Figure 14). 
But there is no significant difference between them in the 
bioconversion efficiency. According to Chen (2001), 
addition of wheat bran in sawdust substrates is one of the 
most important factors both, increased productivity and, 
often times, improved mushroom quality (Chen, 2001). 
Kirchhoff (1996) has indicated that wheat bran is  
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commonly added substrate at various ratios to encourage 
formation of high quality sporocarps, because wheat bran 
contain about 2.24 to 2.72%, nitrogen content. Pinus 
shaving, coffee husk and teff straw did not show any 
production of P. nameko in the present study, however they 
had mycelia invasion. But Chang (1999) suggested that 
sawdusts from conifers such Pinus species and Cryptomeria 
japonica are suitable for growth of P. nameko. Rice bran or 
wheat bran usually is added as a supplement in the ratio of 
15% for pinus sawdust and 10% for broad-leaf sawdust. 
These results may be from the quality of spawn used, 
incubating temperature, pH of the substrate or the 
proportion of lignin and cellulose in the pinus plant. Recent 
study indicated that several strain of mushroom have 
adapted to grow very well on straw and coffee pulp, even 
the biological efficiency reached up to 63% (Salamon and 
Mata, 2003). Danny et al. (2004) also suggested that P. 
nameko is cultivated on coffee wastes. Even after Nameko 
mushroom cultivation on coffee farm, the waste becomes 
an excellent additive to cattle and pig feed. But in the 
present study, P. nameko did not grow on coffee husk and 
teff straw. This may be due the high proportion of cellulose 
than lignin in coffee and teff straw as well as the coffee 
species present in Ethiopia. 

In general, eucalyptus shaving gave the highest mean 
yield and biological efficiency of 797.33 g and 53.27%, 
respectively. Cotton seed showed the second higher mean 
yield and bioconversion efficiency of 732.33 g, 48.98%. The 
use of eucalyptus sawdust as raw material was found better 
for the production of P. nameko. Since P. nameko is white 
rot fungi, it can mostly degrade lignin. It has been found 
that eucalypts lignin content ranges from 82-86% 
(Evtuguin, 2001). The result also conforms to the report of 
Chang and Miles (1984) that the biological efficiency of P. 
nameko on eucalyptus is 52.8%. The Cotton waste gave a 
higher mean yield of P.nameko mushrooms than any other 
agro industrial wastes which could be due to high 
proportion of lingo cellulose and compactness on wetting. 
Joh et al. (1998) also found that 78% cottonseed nut, 20% 
wheat bran, 1% sugar, 1% gypsum are important for 
P.nameko cultivation for laccase enzyme production. Cotton 
waste is a better substrate for the cultivation of P. nameko 
(Tan, 1981). This is probably due to higher nitrogen 
content in cotton waste. Anyakorah and Olatunji (2001) 
have reported that higher nitrogen content of about 5.67% 
was found in cotton waste. This is because nitrogen is an 
important basic nutrient for microorganisms, being 
required for protein, nucleic acid and chitin synthesis (in 
the case of fungi). The lowest mean yield and bio 
conversion bioconversion efficiency were recorded as 
550.8 g, 36.80% by Cordia shaving. The low bioconversion 
efficiency could be attributed to the quality of spawn used 
(Kalmis and Sargin, 2004). Bhatti (1987) has suggested that 
the variation of biological efficiency and incubation period 
of nameko mushroom on different substrates may be due to 
their different composition in the substrate used. The yield  

 
 
 
of P. nameko mushroom harvested was significantly 
(P<0.05) greater in eucalyptus shaving than in Cordia 
shaving (Table 4). But there is no significant difference 
between eucalyptus shaving and cotton seed as well as 
cotton seed and cordia shaving (Tables 3 and 4). In this 
study, fungal contaminants were observed in different stage 
of P. nameko cultivation. Particularly the molds, 
Trichoderma, Penicillum, and Aspergillus species are the 
common competent microorganisms. Twenty five percent 
of the culture plate was contaminated by Aspergillus niger, 
31.25 and 25% of the spawn bottle were contaminated by 
A. flavus and A. niger respectively. A percentage of 11.2% of 
substrate bags contamination was caused by the 
Trichoderma spp. This is because the white rot fungi are 
selective lignin degrader and leave the cellulose and 
hemicelluloses less affected (Eriksson et al., 1990). This 
partial breakdown of cellulose and hemi cellulose make 
them available to competitors whom often grow faster. In 
addition to that, the laboratory setting for many individuals 
who are working together on different fungal stain could be 
the source of contamination in this study. Lastly among 
many factors for economic production of mushroom, one is 
the availability and cost of substrates (Obodai et al., 2003), 
as well as the cost of grain for spawn’s production. 
Sorghum is a better available and cheaper substrate than 
other substrates like maize in some areas in Africa 
including Ethiopia for spawn production (Dawit, 1998). 
Substrate like eucalyptus shaving, cotton seed and cordia 
shaving are also abundant in Ethiopia. It has been argued 
that in Ethiopia eucalyptus species was a great success. 
Many species of Eucalyptus grow quickly and produce large 
quantities of wood (Henery, 1973), and is undeniable fact 
that there is a high biomass of eucalyptus plantations in 
Ethiopia. That is why eucalyptus has played and will play a 
tremendous role in alleviating the fuel and construction 
material problems of the community in Ethiopia (Teshome, 
2007). In addition to that the eucalyptus shaving, cotton 
seed and cordia shaving could be an alternative energy 
source for production of P. nameko and will solve nutrition 
problem of the society. 
 
 
Conclusion 
 
This study successfully demonstrated that eucalyptus 
shaving (Eucalyptus globules), cordia shaving (C. africana), 
and cotton seed (Gossypium spp.) were good substrates 
used for the cultivation of P. nameko. The pinus shaving, teff 
straw, coffee husk did not show any growth of fruiting 
body; however, they had mycelia invasion during spawn 
running. Addition of wheat bran in the substrate improved 
cropping time and quality of fruiting body of P. nameko. 
Malt extract agar is an important nutrient medium for 
tissue culturing of P. nameko. Sorghum grain is best for 
spawn production of P. nameko. The highest yield of P. 
nameko was obtained from the eucalyptuses shaving where  



Academia Journal of Food Research; Gizaw.       041 
 
 
 
readily available substrates from saw mills, and a high 
biomass exist in the country. Ethiopia currently estimated 
that about 24 million cubic meters of eucalyptus wood is 
produced annually, of which 60% is used for industrial and 
building purpose. Shaving from this wood could be an 
alternative energy source for the production of P. nameko 
mushroom. In Ethiopia lignocelluloses waste residues are 
mostly used in the domestic sector for cooking and baking, 
using very low efficiency devices. But it is possible to 
convert to highly nutritious and medicinal aspects of 
mushroom through cultivation of P. nameko. Most of the 
time, agricultural residues may be left on the ground or 
burned in the field to recycle soil nutrients; some parts are 
used as animal feed, as building materials but also possible 
for production of P.nameko and compensate protein gap of 
this country as well as in keeping of the environmental 
clean. Pests and mould contaminants were great problem 
during the cultivation of P. nameko. In conclusion, it is 
believe that this work has led to the improvement of small 
scale production potential of P. nameko. It is expected that 
this work will be adopted by small scale growers in 
Ethiopia. 
 
 
RECOMMENDATION 
 
(i) Further research must be done using a combination of 
two or more type of substrates together to optimize P. 
nameko production. 
(ii) Small scale mushroom production is a profitable 
business. That can solve unemployed youth and women 
problems in terms of economy, time and nutrition. 
Therefore, the ministry of Agriculture & Government 
should give great emphasis in this sector. 
(iii) It is highly recommended for the city and other towns 
of Ethiopia to support and encourage mushroom cultivation 
to avoid plant waste materials and other lignocelluloses 
waste around the city and towns from saw mill and other 
source. 
(iv) The bulk of the lignocelluloses biomass is, to a large 
extent, considered insignificant or of no commercial value 
and certainly of no food value, at least in its original form. It 
should be noted that large amounts of research funds have 
been set aside to search for increased productivity of the 
core product, treated as raw materials for the production P. 
nameko. 
(v) Well trained mushroom scientist and mushroom 
growers must give training activities (workshops and 
courses) and that need to be supported by governments 
and agriculture sector. 
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